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Photosystem II consists of five integral peptide subunits of 47, 44, 34, 32 and 10 kDa molecular weight. They bind the functional components of photosystem II: the reaction center chlorophyll, core antenna chlorophylls, pheophytin. Fe, cytochrome £>559, two plastoquinones Q A und Q B and a primary electron donor (for review see [1 -3] ). The 32 kDa peptide has been given particular attention, as it was the first of the photosystem II peptides of which the specific function was recognized. It was shown to bind herbicides [4] and to be identical with the rapid ly turning over peptide [5] encoded by the D-l gene. From the known mode of action of these herbicides on the acceptor side of photosystem II it is indicated that the 32 kDa peptide is involved in 0 B binding. It was also the first integral membrane peptide of the electron transport system, whose complete amino acid sequence was determined [6] (now all of the genes for photosystem II peptides have been se quenced as well as most of the cytochrome b/f-com plex and of photosystem I, for review see [7, 8] ). From predictions of its secondary structure [9] the suggestion developed that integral peptides of the photosynthetic membrane may fold through the membrane several times in hydrophobic helices [8] . Although this general statement seems to be ac cepted, the exact folding of the 32 kDa peptide re mained controversial.
Rao et al. [9] suggested that the 32 kDa peptide folds seven times through the membrane. However.
Verlag der Zeitschrift für Naturforschung, D-7400 Tübingen 0341 -0382/86/0100 -0240 $01.30/0 other predictions of the folding of the 32 kDa pep tide have been proposed [10, 1 1 ] because it appeared that certain sequence stretches in the Rao model were not hydrophobic enough or too short to span the membrane. On the other hand hydrophobic se quences. not considered by Rao et al. [9] , might cross the membrane [10, 11] . A main argument against any of these folding predictions is that these models do not fit well mutant data that indicate which amino acids participate in herbicide and from there O b binding. The 32 kDa peptide of herbicide tolerant mutants of higher plants and algae is shown to have specific amino acid changes [12] [13] [14] [15] [16] [17] . These changes: val219, phe25s, ser264, leu275 are not readily accomo dated, according to the Rao et al. [9] prediction, in a herbicide or Q B binding niche because the changed amino acids were oriented towards both sides of the membrane as well as inside [18] . This paper suggests a topology of the 32 kDa herbicide and Ob binding protein that explains the mutant data very well.
A prediction of the folding of the cytochrome bb subunit of the cytochrome bfjf-complex [8, 19] and of the heme binding sites included the comparison of several homologous (mitochondrial) cytochrome b sequences in the interpretation of the hydropathy in dex plots [8, 19, 20] . Similarly the folding of the 32 kDa peptide proposed here considers in addition to its hydropathy index plot also amino acid se quences of homologous peptides from the thylakoid -of the 32 and 34 kDa peptide -and the L and M subunit of the bacterial photosystem.
The D-2 gene encoding the 34 kDa peptide of photosystem II has been sequenced recently [21] [22] [23] . The amino acid sequence so derived is quite homologous both in sequence and in a hydropathy index plot as noted by Rochaix et al. [21] . The 34 kDa peptide appears therefore to be like the 32 kDa peptide also a Q binding peptide. And so are also two subunits of the bacterial system. As is well known the functional components of photosystem II are very similar to those of the bacterial photosys tem, in particular in the functional events on the ac ceptor side that involves Fe, Q A and Q B [3, 24, 25] , Three subunits called L, M and H are the integral peptides, which bind these components in the bacte rial system. Youvan et al. [26] pointed out that the L and M peptides have amino acid sequence homology to the 32 kDa peptide of photosystem II.
By comparing the hydropathy index plots and amino acid sequences of these four peptides: L and M from the bacterial system and D-l and D-2 from photosystem II, five hydrophobic segments can be detected to be common to all four peptides ( [9] ). The bacterial photosystem of Rhodopseudomonas viridis has been crystallized and the X-ray structure become available [27] [28] [29] . The data show that of the three subunits of the reaction center the L and M subunit fold through the membrane five times. This then shows directly that the predicted five helices of the hydropathy plot exist indeed. From this it has been suggested already [8, 10, 27, 28] that the two D-l and D-2 peptides of photosystem II are homologous to the L and M sub unit of the bacterial system, both in structure and function.
The amino acids involved in Fe and Ob binding in the bacterial system are indicated by the X-ray struc ture of Deisenhofer, Michel et al. [28, 29] . It had already been proposed that histidines are involved in Fe and quinone binding from E X A F studies [30] . Four histidines involved in Fe binding are indicated in the X-ray structure [27] [28] [29] , These histidines are conserved in the homologous helical spans IV and V in the D-l and D-2 subunits of photosystem II (see (Fig. 4) . This predicted folding of the 32 kDa/D-1 protein seems not to be in agreement with trypsin digestion experiments [31] , nor with the contention that the carboxylend of D-l is on the matrix side, where a precursor is processed [31] . Instead it would be inside the lumen space according to Fig. 2 .
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The predicted folding of the 32 kDa peptide, how ever, allows quite reasonable explanations for those amino acid changes, indicated above, that are changed in herbicide tolerant mutants of higher plants and algae [12] [13] [14] [15] [16] [17] , According to the folding of following the homology to and the X-ray structure of a bacterial photosystem [28, 29] , The amino acid changes in herbicide tolerant mutants are indicated (val2|q, phe255, ser2M, leu27S). Fig. 2 of the 32 kDa subunit all changes are on that part of the peptide that is oriented towards the ma trix side, as is to be expected for inhibitors of Q B function on the matrix side. As indicated in Fig. 4 . the val2i9, changed in diuron tolerance [15] , is above that his2i5 that is implied directly in 0 B binding. As val219 is in the membrane spanning hydrophobic helix, its precise orientation in respect to the his215 can be taken from a helical wheel (see [8, 9] ), as in an a helix 3.6 amino acids are in one turn. Possibly, increasing the bulky sidechain from valine to isoleucine in the mutation leads to steric hindrance of binding of an inhibitor towards the histidine below. Particularly supporting the model of the D-l/D-2 folding is the mutation of phe255 [15] . Because the Xray structure of the bacterial system shows [29] that this phe is on a helix parallel to the membrane and extends into the hydrophobic space below the quinone binding. This phe might also interact with those herbicides with an aromatic ring (see, how ever, the recent report [17] that in a D CM U resistant blue green algae serine264 has been mutated as in triazine resistance of higher plants and green algae).
The recently reported leu272 change [16] is on the fifth helix. Leu272 is below the his27? that is involved in Fe binding and is also facing into the binding niche (Fig. 4) . Possibly this leu has no particular function, but its change to a phenylalanine [16] might disturb energy and charge distribution in the his-Fe-his-QB (herbicide) interaction. The ser264 changed in triazine resistance in both higher plants [12] and algae [13] and in D C M U resistant Anacystis [17] is on the same subsequence as is the phe255 change but possibly just beyond the membrane parallel helical part of this sequence. Its peptide bond -or one close to itmight be involved in an interaction with 0 B, because the peptide bond of amino acid 258 in the equivalent area on the M subunit stabilizes Q A in the bacterial system [29] . The mutations reported in terbutryn re sistance of the bacterial system on an isoleucine next to his275 [32] also fits the model. The met214, tagged by azidoatrazine [33] (but not by azidourea [34] ) is somewhat pointing away from the binding nichethus perhaps indicating some leeway in the exact binding during photoaffinity labeling experiments. An arginine, at the end of a helix conferring a par ticular dipolmoment. has been suggested to be of importance in herbicide binding by theoretical con siderations [35] . An arginine with that property might be arg269 at the end of helix V above this his275 (Fig. 4) . The corresponding amino acids in the D-2 subunit as part of the binding niche are not far away from the Q b binding site on D-l. Therefore one might expect an influence of the D-2 conformation or even direct participation in herbicide binding. Mutations might perhaps be less easily found because the conforma tion of D-2 protein, being the 0 A binding peptide, is of much higher importance than that of the D-l pep tide.
The model of the predicted folding of the 32 and 34 kDa peptide of photosystem II presented here fol lows very much the homology to the bacterial sys tem. It is consequent therefore to suggest that the 32 and 34 kDa peptides form also the reaction center of photosystem II [27. 28] . However, so far the 47 kDa peptide is thought to be the reaction center peptide of photosystem II (see [1, 36] ). It remains to further experimentation to indicate the exact role of the 47 kDa peptide in the reaction center of photosystem II, as discussed recently [36] .
